ABSTRACT
Introduction
A notable capacity of the liver is the ability to regenerate itself after an injury like hepatectomy. The first report of liver regeneration tells about the punishment of Prometheus in the Greek mythology. He was punished by being chained to a rock after he has revealed to the mortals the secret of fire protect by the gods of Olympus. Every day, an eagle fed of his liver, which regenerated itself during the night 1 .
Liver doesn't regenerate in a true sense, a global tissue hyperplasia occurs until that the original liver mass has been restored 2 . Higgins and Anderson published one of the first studies about liver regeneration in 1931 3 . They removed the left lateral and median lobes of rat liver which amounts 70% of liver rat mass.
At any given time, in rats, about one of 20000 hepatocytes is dividing, and each hepatocyte can divide once or twice at most.
After large liver resection, all the liver cells simultaneously go into the G1 phase due to the influence of IL-6 and TNF-α. These cytokines stimulate the hepatocytes to answer the growing factor as HGF (hepatocyte growing factor), TGF-α (transforming growth factor alpha) and HB-EGF (heparin binding -epidermal growth factor). 12 to 15 hours after the hepatectomy, the hepatocytes enter in the S phase, and six to eight hours after the DNA synthesis, the liver cells go to the G2 and M phase. The differences between the beginning of proliferation and the peaks of mitosis after partial hepatectomy (24 hours in rats and 42 hours in mice) show the variability of G1 phase in the species 4 .
The degree of hepatocyte proliferation is proportional to the extension of injury, with local mitotic action in small resections; but in injuries greater than 10%, all the liver cells can proliferate. In resections over than 50%, a second peak of mitosis occurs after three to five days in rats 1 . The regenerative process finishes within seven to 14 days 5 . Regulatory growth factors has been studied in the last years, and some of them are well-known and can be divided in three categories: (1) mitogenic agents or growth stimulating factors (HGF, EGF, TGF-α). They are capable in inducing DNA synthesis and mitosis in hepatocytes at rest (G0 phase); (2) comitogenic agents. They stimulate proliferation indirectly, potentiating the effect of mitogenic agents and reducing the effect of inhibiting agents; (3) inhibiting factors. Capable of inhibiting induced mitogenesis in primary hepatocyte cultures 6, 7 .
Some studies have shown the influence of pretherapy with cyclosporine in liver regeneration after a 70% hepatectomy [8] [9] [10] [11] , although some papers don't confirm the same results 12, 13 .
Due to the immunosuppressive properties of cyclosporine and its positive effects on liver regeneration demonstrated in some reports, the possibility of augmentation in hepatocyte proliferation after liver resection, living donor liver transplantation and split liver procedure, appears as a hypothesis of being studied. The purpose of this study is to evaluate the effect of pretherapy with cyclosporine on liver regeneration using a well established animal model of 70% hepatectomy. The body weight of all animals was evaluated in the first day of pretherapy, before the hepatectomy, during the death procedure in all subgroups and on second and fourth post-operative days in the seven days subgroups.
Methods

This
Results
When evaluated initial body weight (PCI) and death body weight (PCM), all subgroups lose weight and the differences were statistically significant ( Figure 1 ).
We found no statistical differences among all the subgroups when compared total liver weight, weight of resected segment during hepatectomy and estimated weight of remaining liver. When evaluated using Kwon' formula, liver regeneration rates in experimental and control groups were found to be different. When regeneration was assessed according to the average number of mitotic figures in a total count of 100 hepatocytes, group C.24h was found to contain 0.3 ± 0.7 mitotic figures and group E.24h 0.5 ± 0.5 mitotic figures in 100 hepatocytes (p = 0.26). After seven days, group C.7d contained 1.9 ± 1.5 mitotic figures and group E.7d 1.6 ± 1.5 mitotic figures in 100 hepatocytes (p = 0.66).
The PCNA-positive nuclei count in ten fields was assessed in all groups and significant statistical difference was found only when compared the experimental groups (p = 0.0001) ( Table 3). for studying liver regeneration, most of researchers chooses the stimulus like liver resection, where the remaining liver mass is normal, using for this reason the animal model of 70% hepatectomy described by Higgins and Kim et al. 11 and Daoudaki et al. 8 demonstrated augmentation in hepatocyte proliferation in hepatectomized rats that were submitted to pretherapy with cyclosporine. However, other authors didn't achieve the same results 12, 13 . In this study, the authors used oral cyclosporine in a 10mg/Kg/day with rigid plastic orogastric tube as described by other researchers [9] [10] [11] [15] [16] [17] [18] . All groups lost body weight in the moment of death with statistical significance. When compared 7 days experimental and control groups, the first one lost more weight than the last one on the second, fourth and death day (p = 0.03; p = 0.01; p = 0.02 respectively), proving the influence of the drug on animals weight during the research. Tannuri et al. 19 had the same results when resected 70% of newborn liver rats and treated one group with cyclosporine pretherapy (p = 0.01).
Biondo-Simões et al. 20 compared 90 days young rats and 560 days adult rats submitted to 70% hepatectomy. These animals were killed 24 hours and seven days after the procedure and liver regeneration was analyzed with Kwon's formula, mitotic index and immunohistochemistry with PCNA. The young animals regenerated more than the older ones in 24 hours and seven days, but in seven days the adults reached the same hepatic mass that the young rats reached in 24 hours. In this present study, using
Kwon's formula, seven days control group regenerated more than the 24 hours group (p = 0.0001) and the same occurred in the experimental group (p = 0.0001). That's because the cell cycle of the hepatocytes has a peak in 24 hours 4 and in non-parenchymal cells that peak occurs 24 hours later 21 . In resections over than 50%, like in this research, a second peak of mitosis in rats occurs three days after the first one As occurred with PCNA, the Ki67-positive nuclei count in ten fields was assessed in all groups and significant statistical difference was found only when compared experimental groups (p = 0.04) ( 
Discussion
The influence of cyclosporine in liver regeneration has been a controversial issue. In an experimental point of view, viscera. Recently, Nagayoshi et al. 23 reported the dose-dependent effect of cyclosporine on liver regeneration in rats submitted to a 70% hepatectomy and killed in 24 hours, three, seven and 14 days after the procedure. Control group and experimental with cyclosporine 5mg/Kg/day didn't have statistical significance, but the experimental group with cyclosporine 10mg/Kg/day was significant.
Liver regeneration can also be evaluated by mitotic index and immunohistochemistry with proliferating cellular nuclear antigen (PCNA) and Ki-67. Some authors reported augmentation in the mitotic index after partial hepatectomy in rats that received cyclosporine 24 hours before and after the resection 17 . These authors compared four groups: hepatectomy only, hepatectomy with azatioprine, hepatectomy with methilprednisolone and the last one with cyclosporine. The azatioprine and methilprednisolone groups had significative reducing in mitotic index. In our study, when compared 24 hours and seven days control groups (p = 0.006) and experimental groups (p = 0.007), an augmentation in mitotic figures was found. It was due to the use of adult rats with no vicious in regenerating capacity. Biondo-Simões et al. 20 showed that advanced age is related, in rats, with a late liver regeneration.
Other authors demonstrated similar results. Two peaks of cellular proliferation were described. The first one begins in the S phase 18 hours after hepatectomy and finishes around 26 hours after the liver resection. The second begins in the S phase 26 hours after hepatectomy and comes over 34 hours after the procedure 24 .
In this study, when PCNA was evaluated, cyclosporine didn't stimulate liver regeneration. Significant difference was seen only when compared the experimental groups (p = 0.0001),
suggesting that the second peak of hepatocyte proliferation occurs after the first 24 hours 25 and in adult and old rats, the liver takes more time to recover its volume 20 . No significant statistical differences between control and experimental groups were comproved. Assy et al. 25 studied the use of PCNA in liver regeneration in rats submitted to a 30% and 70% hepatectomy. has been used to quantify the proliferation of determined tumor or tissue, in our case, liver in regeneration. In this study, we had the same results that with PCNA.
There is controversy in the literature regarding regeneration effect of immunosuppressive therapies. We recently investigated two other immunosuppressive drugs -tacrolimus and sirolimus -using the same regeneration parameters used in the present study with interesting positive results for both drugs concerning liver regeneration 26, 27 . The results of the present study show that pretherapy with cyclosporine has stimulatory effect in liver regeneration in the end of seven days after 70% hepatectomy, despite of causing weight loss. Although, low significative results were found with common histology and immunohistochemistry, other researches and studies should be done in order to demonstrate real cyclosporine effects on liver regeneration.
Conclusions
Cyclosporine, although used as immunosupressive therapy in transplant patients, can stimulate liver regeneration in adult rats submitted to 70% hepatectomy. Common histology and immunohistochemistry didn't show the same results as the Kwon formula.
